Background/Objectives: To evaluate longitudinally the role of physical activity (PA) (type and intensity) and diet (measured using DASH score, nutrients and food intake) in hypertension incidence. Subjects/Methods: As part of the EPIPorto study, 549 participants (X40 years), resident in Porto, Portugal, at risk of developing hypertension, were evaluated. Blood pressure (BP) measurements were obtained twice (1999-2003 and 2005-2008), with a median interval of 3.8 years. Hypertension was defined as systolic BPX140 mm Hg and/or diastolic BPX90 mm Hg, and/or if the subjects were under anti-hypertensive therapy. Validated questionnaires were used to assess usual PA and dietary intake during the previous year. Poisson regression was used to calculate the incident rate ratios (IRRs) and respective 95% confidence intervals (95% CIs). Results: In our population, the crude incidence rate (95% confidence interval (CI)) per 100 person-years of hypertension was 6.23 (5.26-7.20). After adjustment for several confounders, an inverse, though not significant, association was found across increasing tertiles of leisure-time PA and IRR (95% CI): 1 (reference); 0.77 (0.51-1.16); and 0.74 (0.48-1.11). No significant associations between the DASH score and hypertension incidence were observed. However, potassium intake (mg/1000 kcal) was shown to be inversely associated with hypertension development (upper tertile: 41863.0 for women and 41657.2 for men) vs first tertile (IRR ¼ 0.65 (0.44-0.96), P for trend ¼ 0.025). Additionally, in multivariate analysis, a significantly inverse association between the consumption of fruits/vegetables/pulses and hypertension incidence was found (upper vs first tertile: IRR ¼ 0.61 (0.40-0.93), P for trend ¼ 0.024). Conclusions: In Portuguese adults, after adjustment for several confounders, the development of hypertension was inversely associated with potassium and fruits/vegetables/pulses intake. A dose-response is inherent to these inverse associations.
Introduction
Hypertension is a major risk factor for cardiovascular diseases (CVDs), representing the leading attributable risk factor for death worldwide (WHO, 2009) . Physical activity (PA) and a 'healthy' diet are believed to have a benecial role in both prevention and treatment of high blood pressure (BP) (Forman et al., 2009; Kokkinos et al., 2009 ).
An overwhelming number of epidemiological studies support that increased PA of adequate duration, intensity and volume significantly lowers BP (Gu et al., 2007; Parker et al., 2007; Kokkinos et al., 2009) . However, the concept of dose-response is still controversial and the intensity and type of activity that must be involved in primary prevention of hypertension needs further clarification. Additionally, different dietary patterns have already been shown to be protective against high BP (Dauchet et al., 2007; McNaughton et al., 2007) , namely the Mediterranean (Panagiotakos et al., 2003) and the DASH Champagne, 2006) diets. However, the magnitude of the relationship of PA and dietary patterns with hypertension incidence remains to be clarified, especially in European populations with high prevalence of CVD (WHO, 2004) .
Stroke mortality in Portugal is clearly higher than in other western European countries (Sarti et al., 2000; Melo and Ferro, 2003; WHO, 2004) and hence, the burden of hypertension is particularly upsetting; the prevalence observed in 2003 among the Portuguese adult population was 42.1% (Macedo et al., 2005) . Observational data showed that 95.5% of females and 90.2% of males were not engaged in regular exercise (Camoes and Lopes, 2008) and that the Portuguese population is gradually moving away from the traditional diet to a more Westernized diet type (Chen and Marques-Vidal, 2007) . Information about longitudinal changes in risk factors for CVD is scarce in Portugal, enhancing the relevance of these data to provide important strategies for primary prevention.
The purpose of the present study was to examine longitudinally the role of PA (type and intensity) and a nutrientbased DASH dietary pattern and food intake in hypertension incidence, in an urban sample of Portuguese adults, aged X40 years.
Materials and methods

Subjects
Participants are part of a prospective cohort-the EPIPorto study-comprising a sample of Portuguese adults, resident in Porto, a city with almost 300 000 inhabitants. The first evaluation of participants was performed between 1999 and 2003 and the re-evaluation of the cohort was between 2005 and 2008. Follow-up evaluations have been made on anthropometric and BP time trends, among several others, to obtain updated information regarding the development of hypertension.
As previously described (Ramos et al., 2004) , participants were recruited by random digit dialling using households as the sampling unit. Once a household was selected, all residents were identified by age and sex, and one resident (aged over 17 years) was randomly selected as the respondent.
The local ethics committee of S. João Hospital approved the study protocol. All participants gave written informed consent to participate in the study, in accordance with the Helsinki Declaration.
At baseline evaluation a participation proportion of 70% was achieved (Ramos et al., 2004) . Out of the 2485 participants evaluated (62.0% females), 1990 participants (61.9%) were over 39 years old. Of these, 120 (6.0%) participants had missing information on BP measurements, 1125 (56.5%) were classified as hypertensive and the remaining 745 (37.4%) individuals were free of high BP. From these, 73.7% (n ¼ 549) with two evaluations of BP and a median interval of follow-up of 3.8 years were included in the final sample.
Participants (vs non-participants) had a higher mean of baseline diastolic BP (77.0 vs 75.9 mm Hg, P ¼ 0.011), a higher proportion of high educational level and a lower proportion of current smokers (Table 1) . Role of physical activity and diet in incidence of hypertension M Camões et al
Data collection
Study participants were invited to visit the Department of Hygiene and Epidemiology of the University of Porto Medical School for evaluation. Information was collected by trained interviewers using a standard structured questionnaire, comprising information on social, demographic, personal and family medical history, and behavioural characteristics.
Education was recorded as completed years of schooling. Smoking habits were self-reported and participants were classified, based on the World Health Organization categories (WHO, 1997), into never-smokers, ex-smokers (quit smoking for at least 6 months) and current smokers.
Anthropometric data were obtained with the subjects in light clothing and barefoot, after they had fasted overnight. Body weight was measured to the nearest 0.1 kg using a digital scale and height was measured to the nearest centimetre using a wall stadiometer; body mass index (BMI, kg/m 2 ) was then calculated.
PA assessment PA was assessed using a validated questionnaire exploring all professional, domestic and leisure-time activities in adults (Cam + oes et al., 2010) . Full-day energy expenditure was estimated by multiplying an average of the metabolic equivalent (MET) by the self-reported time spent on different activities (sleep, work, housework and leisure-time activities), as previously described in detail (Cam + oes et al., 2010). Individuals were classified into different types of PA, namely occupational and leisure-time, using the METs unit as a multiple of resting metabolic rate (MET-h/day). Physical activity level (PAL) was also calculated (PAL ¼ Total energy expenditure/resting metabolic rate). Total energy expenditure was calculated from the usual PA value in the questionnaire and resting metabolic rate using the Harris Benedict equation (Frankenfield et al, 1998) .
Dietary assessment
Dietary intake during the previous year was estimated based on a validated semi-quantitative food-frequency questionnaire (FFQ) (Lopes, 2000; Lopes et al., 2007) . The questionnaire comprises 82 food items, beverage categories and a frequency section. Nutrient intake was obtained from consumption frequency and portion size data using the software Food Processor Plus, as previously described in detail (Lopes, 2000; Lopes et al., 2007) .
Different categories of alcohol consumption were dened and subjects were classified as non-drinkers (alcohol intake ¼ 0), moderate drinkers (alcohol intake 40-15.0 g/ day for women and 40-30.0 g/day for men) and excessive drinkers (alcohol intake 415.0 g/day for women and 430.0 g/day for men) (Lichtenstein et al., 2006) .
A DASH score based on prior nutrient goals was created to assess adherence to the DASH diet. Briefly, we identified DASH goals for eight target nutrients (total fat, saturated fat, protein, fibre, cholesterol, calcium, magnesium and potassium) (Sacks et al., 1995) . Although dietary sodium was held constant in the original DASH study, sodium was included among the target nutrients based on the results of the DASHSodium trial (Sacks et al., 2001) .
Nutrient goals were then indexed to the total energy intake, and a DASH score was generated from the sum of all nutrient targets met (maximum score: 9). Individuals with an intake meeting the DASH target scored 1; participants who achieved an intermediate goal scored 0.5 for that nutrient; and individuals out of the proposed intake goals scored 0. The nutrient-specific cut points were presented in Table 2 (Sacks et al., 1995; Mellen et al., 2008) .
We added to the analysis some foods' main constituents of the DASH score and some of the main contributors to sodium intake in our population (Lopes et al., 2006) . As codfish is usually consumed dried and salted and is very frequently consumed and recognized as a national dish, separate analyses were conducted for other fishes.
Hypertension definitions BP was measured by non-physician trained interviewers, on a single occasion, according to the recommendations of the American Heart Association (Perloff et al., 1993) . Participants were instructed to take their medication and not to take alcohol, tea or coffee, smoke or perform exercise in the 30 min preceding the measurement. Two measurements of BP, separated by at least 5 min, were taken with a mercury sphygmomanometer after a 10-min rest, with no tight clothes on the right upper arm and at the heart level. The mean value of the two measurements was considered, and when the difference between them was larger than 5 mm Hg for systolic or diastolic BP, a third measurement was taken and the mean of the two closest values was registered. Systolic BP was identified by phase I Korotkoff sound and diastolic BP by phase V. Role of physical activity and diet in incidence of hypertension M Camões et al
Hypertension was defined as a systolic BP X140 mm Hg and/or diastolic BP X90 mm Hg and/or current antihypertensive drug therapy (Chobanian et al., 2003) .
Statistical analysis
In univariate analysis (Table 1) , we compared the sociodemographic, behavioural and anthropometric characteristics, as well as the baseline BP measurements, among individuals at risk of hypertension who participated and those who did not, using parametric and non-parametric tests (Student's t-test and Kruskal-Wallis test, respectively, for testing the equality of population medians among groups, and w 2 test to compare proportions between groups).
For 549 subjects who remained free of hypertension, time at risk was the time between the two evaluations; in 160 new cases (58.1% women) of hypertension, time at risk was extrapolated by the proportional variation of BP, assuming that this variation was linear in time. For the individuals who started taking antihypertensive drugs, we assumed the median time between the two evaluations.
To estimate the quality of follow-up, we calculated the completeness of follow-up (Clark et al., 2002) from exposure defined at baseline (Table 1) .
Crude and adjusted (age, sex, education and BMI) mean incidence rate (per 100 person-years) with 95% confidence intervals (95% CIs) was calculated. After verifying that the hazard was constant over the follow-up period, Poisson's regression was used to calculate the incident rate ratios (IRRs). Models were presented crudely and after adjustment for baseline characteristics that in univariate analyses were significantly associated with hypertension (gender, age, education, BMI, total energy intake and physical activity level ).
The effects of interaction between PA and gender on hypertension incidence (P ¼ 0.580), and that between total energy intake and gender (P ¼ 0.390) on high BP development were tested and we decided to pool sexes, by increasing the power of the estimations performed.
All statistical analyses were conducted using STATA version 9.0.
Results
In our population, aged X40 years, the crude mean incidence rate/100 person-years (95% confidence interval (CI)) of hypertension was 6.23 (5.26-7.20) .
Regarding the socio-demographic, anthropometric and behavioural determinants of hypertension incidence, only age and BMI were shown to be significantly associated with hypertension development (Table 3) .
Although not significant, an inverse association across tertiles of leisure-time PA was observed, IRR (95% CI): 1 (ref.); 0.77 (0.51-1.16); and 0.74 (0.48-1.11) ( Table 4) . Table 5 provides the associations of the DASH score and its individual components with hypertension. No significant associations between the DASH score or nutrients and hypertension incidence were found, with the exception of potassium intake. A decrease of hypertension risk (IRR (95% CI)) was observed by increasing the tertiles of potassium intake (o1630.4; 1630.4-1863.0; 41863.0 mg/1000 kcal for women; o1470.5; 1470.5-1657.2; 41657.2 mg/1000 kcal for men): 1 (ref.); 0.81 (0.56-1.18); and 0.63 (0.42-0.94) (P for trend, 0.024).
Additionally, in multivariate analysis, participants with a higher intake of fruits/vegetables/pulses, particularly those in the upper tertile (4548.5 and 4510.1 g/d, for women and men, respectively), were inversely associated with hypertension development, IRR ¼ 0.61 (0.40-0.93), compared with those in the first tertile of intake (o388.9 and o332.9 g/day for women and men, respectively) (P for trend, 0.024) ( Table 6 ). 
Discussion
In this Portuguese population, significant inverse associations were found between potassium and fruits/vegetables/ pulses intake and hypertension incidence. A dose-response is inherent to these associations.
Specific nutrients and different patterns of intake were already described as important factors for prevention of hypertension (Dauchet et al., 2007; McNaughton et al., 2007) . The association found for potassium is in agreement with other studies that outlined the relevance of potassium intake as an important determinant of hypertension (Whelton et al., 1997; He and MacGregor, 2008) . Typically, lower average BP is observed for low consumption of sodium and high potassium intake (Whelton, 2004) .
More recent advice from the National High Blood Pressure Education Programme recommended, in addition to a diet that is low in saturated fat, cholesterol and total fat, and that emphasizes consumption of fruits, vegetables and low-fat dairy products (DASH diet) (Whelton et al., 2002) , the possibility of potassium supplementation to achieve 3500 mg/day. A previous report on food consumption in the urban population of Porto (Lopes et al., 2006) described low median levels of potassium intake (1670.7 mg/1000 kcal). In fact, only among participants in the upper tertile of potassium intake (X1863.0 and X1657.2 mg/1000 kcal for women and men, respectively), even so, much lower than the DASH score target (2238.0 mg/1000 kcal), were potassium and hypertension inversely associated. This emphasizes the importance of recommending a diet rich in potassium, which could be a benefit in a population with high levels of sodium intake (Polonia et al., 2006) , as the effects of potassium seem to be greater among those with higher sodium intake (Whelton et al., 1997) .
Our study provides longitudinal data, re-enforcing the cross-sectional relationship between high BP and fruit/ vegetable consumption, which was already described (Alonso et al., 2004) . The DASH-sodium trial (Ard et al., 2004) showed that individuals who ate more fruits and vegetables (12-week intervention) had sustained reductions in BP over time, independently of the observed increase in sodium intake, supporting that not only sodium intake has a significant impact on BP reduction. In our study, we probably underestimated the sodium intake. However, this would be non-differential in hypertensive and non-hypertensive subjects, conducting to an attenuation of the final estimates.
In addition to fruit and vegetable consumption, the intake of pulses could be important in achieving the minimal requirements for hypertension prevention. An increase in the intake of these foods has been recommended for the prevention of CVD (Joshipura et al., 2009) . One possible important factor in the relationship between diet and CVD seems to be the independent effect of the intake of these foods on hypertension (Popkin et al., 2006) .
In the EPIPorto cohort, we did not find any significant associations between the DASH score, defined based on specific nutrient intakes, and hypertension development. The low variability of the DASH score found in our population, in which 50% of the individuals scored less than 3.0 (median 3.0; min. 0; max. 7), with a maximal possible score of 9, suggests that Portuguese adults follow a diet that does not match the standards of the DASH diet. This supports that the Portuguese population is gradually moving to a more Westernized diet type (Chen and MarquesVidal, 2007) . In addition, the low variability of the score did not make it possible to distinguish individuals with healthy habits and, consequently, no associations were observed Tertiles of leisure-time PA (MET-h/day): o3.0; 3.0-6.5; 46.5 for women; o 4.5; 4.5-8.5; 48.5 for men.
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A protective pattern was found for leisure-time energy expenditure, although the observed inverse associations did not reach statistical significance. Other longitudinal studies support a protective effect for leisure-time PA on Tertiles of DASH score: o2.5; 2.5-3.5; 43.5 for women; o2.0; 2.0-3.0; 43.0 for men.
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Evidence from a meta-analysis also supports the protective effect of PA on BP, but showed no consistency in the doseresponse effect, and the exact type of energy expenditure required to optimally lower BP (Whelton et al., 2002) . The evidence is limited regarding the protective effect of different types of activity, such as professional and household chores, on hypertension incidence. A prospective study in Finland (Hu et al., 2004) has described a clear dose-response relationship of full-day energy expenditure (occupational, commuting and leisuretime PA) with a decreased risk of developing hypertension. However, there is some controversy regarding the protective effect of occupational PA on chronic diseases, and some studies have described associations between anaerobic activities, such as in occupations requiring heavy manual work, and increased risk of myocardial infarction (Fransson et al., 2004; Lopes et al., 2005) . In the present study, no significant association between occupational PA (professional and household chores) and high BP was observed. In a recent systematic review (Hamer et al., 2006) , only aerobic exercise appears to have a significant impact on the BP response. Therefore, the specific role of occupational PA in hypertension incidence needs further clarification.
As our population is highly sedentary during leisure activities (84%) (Gal et al., 2005) , total energy expenditure is reected mainly by their occupational activities, supporting the fact that the same absence of association was observed for total PA.
In this study, information was collected by trained and supervised observers using standard procedures. The use of validated methods to assess both exposures under study, diet Tertiles of fruits, vegetables and pulses (not including soup) (g/day): o388.9; 388.9-548.5; 4548.5 for women; o332.9; 332.9-510.1; 4510.1 for men. and PA, seem to support the reliability and validity of the data provided by this population-based cohort study. For practical reasons, most epidemiological studies rely on questionnaires to assess exposures such as diet or PA, but the magnitude of the associations between them and hypertension could be stronger if more objective methods were applied, as previously suggested, particularly for PA when the estimation of physical fitness is provided (Carnethon et al., 2003) .
An objective measurement of the outcome of interest (BP) was performed. However, we measured BP on a single occasion, which may not be as accurate as several measurements (Figueiredo et al., 2009) . In addition, as we did not regularly monitor BP changes over the follow-up period, we were unable to determine the exact point in time at which participants developed hypertension. Although we have assumed that the variation of BP was linear in time, we performed a different sensitivity analysis to evaluate the effect of different measuring approaches. Independently of the shape of the BP variation in time, the range of variation in the incidence rate is not large (5.3/100-8.0/100 personyears). In the case of IRRs, we used the classical method of dividing the time at risk of the incidence cases by 2, assuming that chronic diseases occur in regular periods of time; we also used the linear interpolation of time of event and survival models to estimate the time of event, all these approaches gave similar IRRs.
As hypertension is highly prevalent in our adult population, the sample size for the incidence analysis seems to be the major drawback of this study, as 56.5% of the subjects at baseline were already hypertensive.
In Portuguese adults, higher intakes of potassium and fruits/vegetables/pulses, and also higher levels of leisure-time PA seemed to be associated with a lower risk of hypertension. Primary public health interventions regarding behavioural risk factors would be valuable, particularly in a context of high mortality due to stroke events, as in Portugal.
